5 Title: Vane Enhanced Trailing Edge Cooling Design 

TECHNICAL FIELD 

This invention relates to a vane of a gas turbine engine and more specifically to a 
10 configuration that provides improved heat transfer to the trailing edge region of the vane 
while minimizing pressure loss to the cooling fluid. 

BACKGROUND OF THE INVENTION 

1 5 As performance requirements for gas turbine engines increase, operating temperatures 

increase as well, especially in the turbine section. While technological advancements 
have been made in many areas including material capability and thermal barrier coating 
systems to withstand these higher operating temperatures, it is also desirable to obtain as 
efficient cooling of the component as possible. In a gas turbine engine, the turbine 

20 section is comprised of alternating rows or stages of vanes and blades, where the vanes 

remain stationary and the blades rotate about the engine axis. The vanes serve to direct 
the flow of hot gases to the next stage aft of a turbine, onto a set of rotating blades. The 
orientation at which this flow of hot gases is directed is critically important to the overall 
turbine performance and blade life. Therefore, it is necessary to ensure that the vane 

25 trailing edge shape is maintained and proper cooling of the vane trailing edge is one 

means to accomplish this objective. 

Prior art turbine vanes have incorporated pedestals or pin fins in the vane walls to aid in 
cooling and heat transfer by causing turbulation in the wake regions generated by cooling 

30 fluid passing around the pedestals or pin fins. These pedestals are often times located 

towards the vane trailing edge. A prior art example of vane trailing edge cooling utilizing 
pin fins is disclosed in US Patent No. 4,515,523 where pin fins are added to the rib walls 
that extend longitudinally to the trailing edge for increased stiffness. These additional pin 
fins serve to replace those eliminated due to the placement of longitudinal ribs. However, 

35 the placement of these additional pin fins along the rib wall causes additional pressure 
loss to the cooling flow. The present invention seeks to overcome the shortcomings of 
the prior art by providing a vane trailing edge region having the required stiffness through 
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5 longitudinal ribs and improved heat transfer associated with pin fins while reducing the 

pressure loss to the cooling flow. The reduced pressure loss along the rib wall is a result 
of repositioning the pedestals closer to the rib walls in conjunction with incorporating 
recessed cavities in the rib walls in areas immediately adjacent to the pedestals. 

1 0 SUMMARY AND OBJECTS OF THE INVENTION 

The present invention provides a gas turbine vane having first and second platforms in 
spaced relation, an airfoil extending between the platforms, with the airfoil containing 
one or more cooling circuits. The cooling circuit has a row of first pedestals having a 

1 5 first diameter, one or more rows of second pedestals having a second diameter and 

spaced a first distance axially from the first pedestals and offset radially a second 
distance, and one or more rows of third pedestals having a third diameter and spaced a 
third distance axially from the second pedestals and offset radially a fourth distance. A 
plurality of generally axially extending ribs are incorporated with the ribs bisecting the 

20 rows of first, second, and third pedestals, and with the ribs having at least one recessed 
cavity in each of its upper and lower walls. The recessed cavities are positioned 
immediately adjacent second and third pedestals located closest to the ribs such that a 
cavity passageway is formed to pass sufficient cooling fluid between the rib and pedestal. 
The recessed cavities allow for closer positioning of pedestals to the rib to enhance the 

25 overall heat transfer while minimizing pressure loss. 

It is an object of the present invention to provide a vane for a gas turbine engine having 
improved heat transfer and reduced pressure loss to the cooling fluid. 

30 In accordance with these and other objects, which will become apparent hereinafter, the 

instant invention will now be described with particular reference to the accompanying 
drawings. 

3 5 BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a perspective view of a gas turbine vane incorporating the present invention. 
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5 Figure 2 is a cross section view of the airfoil portion of a gas turbine vane incorporating 
the present invention. 

Figure 3 is a partial plane view of the trailing edge region of a gas turbine vane 
incorporating the present invention. 

1 0 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figure 1, a cooled gas turbine vane 10 incorporating the present invention is 
shown in perspective view. Turbine vane 10 comprises a first platform 1 1 and a second 
platform 12 in spaced relation with second platform 12 radially outward of first platform 
15 11. Extending radially between first platform 1 1 and second platform 1 2 is an airfoil 1 3 

having a leading edge 14 and trailing edge 15 that are each generally perpendicular to 
first platform 1 1 and second platform 12. Referring now to Figure 2, leading edge 14 and 
trailing edge 15 are connected to form airfoil 13 by a first wall 16 and second wall 17. 

20 Due to the high operating temperatures of the turbine environment, airfoil 1 3 contains 
one or more cooling circuits between first wall 16 and second wall 1 7. A portion of a 
typical cooling circuit is shown in Figure 3 with the cooling circuit comprising a row of 
first pedestals 20 extending generally radially outward with first pedestals 20 each having 
a first diameter Dl and extending between first wall 16 and second wall 17. Adjacent the 

25 row of first pedestals 20 is one or more rows of second pedestals 21 extending generally 

radially outward with second pedestals 21 each having a second diameter D2 and 
extending between first wall 16 and second wall 17. Second pedestals 21 are spaced 
axially a first distance 22 from first pedestals 20 and offset radially a second distance 23 
from first pedestals 20. Adjacent the row of second pedestals 21 is one or more rows of 

30 third pedestals 24 extending generally radially outward with third pedestals 24 each 
having a third diameter D3 and extending between first wall 16 and second wall 17. 
Third pedestals 24 are spaced axially a third distance 25 from second pedestals 21 and 
offset radially a fourth distance 26 from second pedestals 21 . In the preferred 
embodiment, first diameter Dl of first pedestals 20 is at least 0.060 inches, second 

35 diameter D2 of second pedestals 21 is at least 0.040 inches, and third diameter D3 of 

third pedestals 24 is at least 0.040 inches. Depending on the cooling requirements of the 
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5 turbine vane second diameter D2 can be equal to third diameter D3, but first diameter Dl 

is greater than second diameter D2 and third diameter D3. For optimized heat transfer 
throughout the cooling circuit is desirable for first distance 22 to be greater than second 
distance 23 and third distance 25 to be greater than fourth distance 26. 

10 In the preferred embodiment of the present invention, multiple rows of second and third 
pedestals are utilized in an alternating pattern. Depending on the axial length of the 
cooling circuit and vane cooling requirements, the quantity of rows and number of 
pedestals per row can vary. Due to the complexity of casting turbine vane 10 and the 
tight positional tolerances for the pedestals, all rows of pedestals are integrally cast into 

15 the vane. 

Another feature integrally cast into the turbine vane and spaced accordingly to provide 
increased stiffness to trailing edge 15 is a plurality of ribs 27. Ribs 27 extend axially, 
generally bisecting rows of first, second, and third pedestals and have an upper wall 28 

20 and a lower wall 29 in spaced relation thereby forming a rib thickness 30 therebetween. 

In the regions of the cooling circuit where second and third pedestals, 21 and 24, are 
positioned immediately adjacent ribs 27, a recessed cavity 3 1 is formed in rib walls 28 
and 29 such that a cavity passageway 32 is provided to allow for sufficient cooling air to 
pass around the pedestals, thereby increasing the heat transfer through turbulation in the 

25 wake of the pedestal, while minimizing the pressure loss associated with the cooling air 
passing between the pedestal and rib 27. In the preferred embodiment of the present 
invention, rib thickness 30 is at least 0.060 inches and recessed cavity 31 extends into rib 
27 a maximum of 25% of rib thickness 30. The pedestals are positioned such that the 
opening created by passageway 32 is equal to the diameter of the adjacent pedestal. This 

30 will ensure that the passageway is large enough to pass the required cooling fluid to 
provide sufficient heat transfer along the rib region of the cooling circuit. For the 
preferred embodiment, compressed air serves as the cooling fluid. However, one skilled 
in the art of turbine airfoil cooling will understand other fluid mediums may be 
acceptable depending on turbine operating conditions. 

35 
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5 While prior art configurations attempted to yield this same heat transfer affect through 

the addition of pedestals to the rib walls, a loss in cooling fluid pressure occurred due to 
the turbulence of the cooling fluid along this rib wall geometry. In the preferred 
embodiment of the present invention, the heat transfer throughout the region along ribs 
27 is improved by the ability to position pedestals adjacent ribs 27 through the use of 

10 recessed cavities 31 and cavity passageways 32 such that the cooling flow pressure loss 
associated with passing through cavity passageways is minimized. 

While the invention has been described in what is known as presently the preferred 
15 embodiment, it is to be understood that the invention is not to be limited to the disclosed 

embodiment but, on the contrary, is intended to cover various modifications and 
equivalent arrangements within the scope of the following claims. 

20 What we claim is: 
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